The role played by the thyroid stimulating hormone (TSH) of the pituitary in thyroid disease has excited speculation for some time. The similarity of the effects produced by this material to some of the physiological changes noted in Graves' disease seems more than coincidental. It was early shown that the injection of a crude anterior pituitary preparation in man would cause an elevation in the basal metabolic rate (1, 2) . Later studies have shown that thyrotrophin administration to euthyroid normals will increase the radioiodine uptake of the thyroid and the level of the proteinbound iodine of the serum (3) (4) (5) . Goldsmith, Stanbury, and Brownell have recently demonstrated that the injection of preparations of this material causes an increase in the rate of release of hormone from the thyroid gland (6) . Studies on the rat and chick have demonstrated similar changes (7) (8) (9) (10) .
Evidence indicates that the circulating hormone of the thyroid is loosely bound to plasma proteins (11) . Since this hormone is quantitatively precipitated with the proteins of the plasma (12) it is practicable, following the administration of a dose of radioiodine (118), to measure the output of thyroid hormone as protein-bound radioiodine. These techniques have been utilized in the present study to determine the effect of a single dose of thyroid-stimulating hormone on the discharge of labeled hormone by the thyroid. The consequences of the injection of this pituitary preparation are compared in euthyroid, hyperthyroid and acromegalic individuals.
METHODS
A test dose of I' (as sodium iodide) of from 100 to 950 microcuries containing not more than 10 micrograms of carrier I' was administered orally. The radioactivity in the serum, in the protein-precipitable fraction of the serum, in the urine, and over the neck was measured daily, and at more frequent intervals following thyrotrophin administration. Chemical measurements of the protein-bound iodine (PBI'u) were made using Barker's modification of Chaney's procedure (13) . The proteinbound I' was measured by precipitating aliquots of serum with zinc hydroxide in the same tubes in which the total serum activity was measured. Somogyi's method (14) was modified by doubling the strength of all solutions in order to reduce the volumes. Following three washings with distilled water, the radioactivity in the precipitate was determined in a "Texaco" gamma ray cup counter (15) dissolved before injection in a volume of 2 cubic centimeters of sterile saline and administered intramuscularly.
The experimental subjects were hospitalized (with the exception of S. B., M. L., and S. M.) and kept on a diet relatively low in iodine but otherwise unrestricted. 5 The euthyroid patients were patients with carcinoma of the breast (M. D. and B. M.), arteriosclerotic heart disease (R. B.) and malignant melanoma (F. F.). History, physical examination and the usual laboratory studies (PBI, radioiodine studies, BMR, cholesterol) confirmed their thyroid status. Laboratory examinations demonstrated that all patients had apparently normal renal function. All patients had been under observation in the clinics of either the Memorial or The New York Hospital for some time and their diagnoses were considered to be well established.
The procedure of the experiments was as follows: On the first day, I' was given orally to the fasting pa- 6 Only unionized salt was used and foods known to contain large amounts of iodine (mainly sea food) were omitted.
tient. Twenty-four hours later 1 gram of potassium thiocyanate, in the form of enteric-coated tablets, was given orally to prevent the incorporation of further iodine into the thyroid (17) . This drug was then continued in a dosage of 0.25 gram twice a day for the duration of the experiment. Serum thiocyanate levels were determined by the method of Gregersen and Stewart (18) . When the protein precipitable radioactivity reached a plateau (4 to 8 days after the administration of the tracer) TSH was administered. Determinations were made of serum and neck radioactivity immediately before the injection of TSH and every 2 hours afterward for 8 hours. Eosinophile counts were done in several patients both before and 4 hours after the injection of the TSH. Figure 1 shows the effects of a single injection ,of TSH in a patient with Graves' disease. Fol-
RESULTS
lowing the injection of thyrotrophin, no significant change occurred in the readings of radioactivity over the neck. By 24 hours after the injection, however, the PBI'31 had risen 30 per cent and the PBI127 a similar amount." There was a more marked effect on radioactivity measurements in the urine, with the 24-hour collection of urine following the TSH containing over 150 per cent more radioactivity than the 24-hour urine in the period preceding the injection. These same indices are compared in an euthyroid patient in Figure 2 . Again, the pituitary preparation produced no effect on the amount of radioactivity measured over the neck. The serum PBI'31 in this patient showed a more marked response to TSH. An elevation of 130 per cent was produced by the end of 24 hours, and by 48 hours this index had risen over 200 per cent of its "control" value. The PBI127 measured at 24 hours showed a rise of 80 per cent. The urinary excretion of I'll demonstrated a somewhat different pattern from that seen in the hyperthyroid patient in Figure 1 . Here, more of the radioiodine was excreted in the second 24-hour period following TSH, with elevations of 310 and 325 per cent in the first and second 24-hour periods, respectively. Table I lists all the determinations of the radioactivity in both the total serum and the proteinprecipitable fraction of the serum. It can be seen that by 24 hours following the administration of I131 almost all the serum radioactivity of the hyperthyroid patients was protein bound. In the euthyroid patients however, the radioactivity did not completely precipitate with the proteins until 4 to 6 days had elapsed after the administration of the I"'s. Because of this, the euthyroid patients were given TSH between the fifth and eighth day following the tracer dose whereas the hyperthyroid patients received the injection by the fourth day. It can also be noted in this table that the blood levels of radioactivity in the hyperthyroid patients tended to be somewhat higher than those of the euthyroid patients, as was previously noted by McConahey, Keating, and Power (16) .
Within two hours after the injection of TSH many of the patients showed an elevation in the blood level of PBI'31. A maximum elevation was observed in the hyperthyroid patients within 24 hours after administration of TSH. Euthyroid patients, on the other hand, did not show a maximum response until 48 hours after the administration of TSH. In addition, elevations of the blood levels in the euthyroid patients were somewhat greater than those in the hyperthyroid subjects ( Figure 3) .
In Table II The biological half-life of the radioiodine in the thyroid (observed half-life corrected for physical decay) ranged between 11 and 50 days with the exception of 3 patients (Table II) . These patients (P. O., H. D., and M. L.), the only subjects showing insignificant response to the injected TSH, had an extremely rapid half-life of Ii31 in the thyroid (5.0, 2.5 and 6.3 days, respectively).
In Table III are shown values for the urinary excretion of radioiodine per 24-hour period in terms of percentage of the dose administered. These determinations fall into the usual patterns for euthyroid and hyperthyroid patients. Following administration of the TSH preparation, a considerable elevation in the urinary radioactivity was demonstrated in all except 3 of the patients studied. These patients ( Figure 4 shows the changes in the average percentage increment in urinary Il3 in the three 24-hour periods following injection of TSH. These values show elevations of varying degrees following the administration of TSH. From these data and the PBI138, it is possible to calculate the specific activity (the ratio of atoms of radioactive isotope to atoms of stable isotope) of the iodine of the blood before and after the administration of the thyrotrophin. These figures (Table  V) remain relatively constant for each patient.
DISCUSSION
TSH has been previously shown to cause the secretion of thyroid hormone by the thyroid gland in animals and in patients both normal and hyperthyroid (3, 6, 8-10, 19 ). The present study differs from previously reported investigations in attempting to quantitate the variations in response to a standard dose of TSH given to normal, hyperthyroid and acromegalic man. Values are calculated in terms of per cent change in. 24-hour urinary excretion as compared to the "control" 24-hour period immediately prior to the administration of the TSH.
The negative value seen on the third day in the acromegalic patients represents an average value below that obtained on the control day.
Certain difficulties are inherent in the use of TSH at the present time and in the quantitation of this study. The preparation of TSH used was obviously impure and may have been contaminated with small amounts of other pituitary hormones. Since there was no change in the volume of urine secreted before and after the administration of TSH, it appears unlikely that antidiuretic hormone was present in sufficient amount to interfere with the study. Eosinophile counts were performed before and 4 hours after the TSH to evaluate the possibility that ACTH was a major contaminant. In three of five patients studied there was no significant change in eosinophile count after TSH but in two patients there was a significant fall. A further control was done to see if adrenocortical hormones whose secretion might have been caused by ACTH would affect the secretion of thyroid hormone. In one patient (R. B.-II) 0.5 gram of cortisone was administered orally at the time TSH was usually given. No change was seen subsequent to this in the serum, urinary, or thyroidal radioiodine. Another possibility is that TSH (or contaminants) might affect the rate of breakdown, excretion, or distribution of thyroid hormone. In one patient TSH was administered 10 days after intravenous injection of thyroxine labeled with I181. There was no change in the level of radioactivity in the blood or urine that could be attributed to TSH.
Thiocyanate might have a specific effect on the response of the thyroid to TSH. In two hyperthyroid patients (Y. B.-II and S. S.-II) the usual experimental protocol was repeated except that the administration of potassium thiocyanate was omitted. Only random deviations were noted in these experiments indicating that the thiocyanate had no specific effect on the response of the gland to thyroid-stimulating hormone. Since iodide released upon de-iodination of the thyroid hormone is in part accumulated by the thyroid, one would expect a greater urinary excretion of iodine if thyroidal reaccumulation is prevented (as by thiocyanate). This occurred with S. S. but not with Y. B. (Table III) . Another possible source of error is failure of thiocyanate to inhibit iodine uptake by the thyroid. The interpretation of the data is contingent upon the assumption that there is no recirculation of iodine from the catabolized thyroid hormone back into the thyroid. Thiocyanate levels were usually maintained at 4 to 5 milligrams per cent. However, somewhat lower levels of thiocyanate appeared to be partially effective. In one patient (B. M.) there was 35 per cent uptake of a tracer dose of I131 which was depressed to 7 per cent uptake where the level of thiocyanate was 1.8 milligrams per cent. Another tracer showed 4.8 per cent uptake when the level of thiocyanate in the blood was 3.1 milligrams per cent. It should be noted that even in an athyreotic patient the radioiodine in the tissues of the neck gives an apparent uptake of about 2 per cent. If the uptake of iodine is not inhibited, the level of radioiodine in the precipitable fraction of the serum rises, and by 4 to 10 days falls again. If, on the other hand, recirculation of iodine is prevented, the level of precipitable III" in the serum will increase asymptotically and not fall until the entire store of iodine in the thyroid is exhausted. In control studies (F. F., R. B.-II) it is apparent that the level of PB1118 reaches a plateau and does not fall. This is fairly conclusive evidence that the recirculation of iodine was prevented by the thiocyanate.
If the recirculation of radioiodine has been prevented by thiocyanate then the specific activity of the precursor, which in this case is thyroglobulin stored in the thyroid, is maintained constant. Zilversmit has described mathematically the-sequence of events in the two situations when the specific activity (S. A.) of the precursor varies and when it is constant (20) . In the first case the specific activities of the precursor and product are identical at only one point, the maximum S.A. of the product. In the second case, however, the S.A. of the product approaches asymptotically the S. A. of the precursor. As can be seen' in the two control studies (F. F. and R. B.-II) the rate of increase in the S.A. of the product is quite rapid so that by 4 to 7 days after administration of the tracer a plateau is reached for all practical purposes. At any time thereafter it is possible to calculate iodine in the thyroid since the SA. of the product and the activity of the precursor are known. These data are shown in Table V . If any iodine in the thyroid is in a metabolically inactive pool and therefore is not labeled by the I"", the values calculated for thyroidal iodine will be too small by a factor related to the size of the inert iodine pool.
In general it appears that euthyroid patients have somewhat more iodine stored in their thyroid than do hyperthyroid patients. Patient J. M. had been treated with Lugol's solution intermittently for 10 years prior to the present study and it is not surprising to find, therefore, that there appeared to be a larger amount of iodine in his thyroid. The The amount of iodine discharged from the thyroid in response to a single injection of TSH as calculated above is shown in Table V . It is apparent that the euthyroid patients secreted -more iodine in response to the same amount of TSH than did the hyperthyroid patients. The patients with acromegaly were intermediate between these two groups. It is of some interest, furthermore, that the hyperthyroid patients secreted a smaller proportion of iodine stored in their thyroid than did the euthyroid patients. If the patients with hyperthyroidism had increased levels of circulating TSH it would appear reasonable for a standard dose of TSH to produce less effect in these patients than in those who had a normal level of circulating TSH. Certainly such an explanation is little more than speculation without more direct data.
An additional feature of interest in which hyperthyroid and euthyroid patients differed was in the rapidity of response to TSH. As can be seen in Figures 3 and 4 the effect of TSH was not maximal in euthyroid patients until 48 hours after its administration, whereas in hyperthyroid cases the maximum effect was reached in 24 hours.
There were three (P. O., H. D. and M. L.) who showed no response to TSH. These patients, however, had such a small amount of iodine stored in the thyroid that were 10 per cent of it secreted in response to TSH (the average per--centage of thyroidal iodine released from this dose of TSH was 9 per cent for hyperthyroid patients) the increment in urinary or serum iodine would have been very difficult to detect. One cannot therefore consider these patients to have been unequivocally non-responsive to TSH. However, the pattern of iodine metabolism in these cases was quantitatively markedly different from that in the other patients. All three had very low thyroidal iodine, an unusually fast disappearance rate of iodine from the thyroid (6.3, 2.5 and 5.0 days) and abnormally elevated levels of PBIP3 in the serum (2 to 3 per cent of dose per liter). These cases might represent a basically different physiology from the other cases of Graves' disease studied.
The patients with hyperthyroidism had varying degrees of exophthalmos from J. B. and H. D. who had none, to S. S. whose exophthalmos was very severe and who had recurrent corneal ulcerations. There appeared to be no correlation between the degree of exophthalmos and any of the parameters of iodine metabolism studied.
There is no clear explanation for the relatively greater increase in urinary IlJ31 after TSH than in serum PBI'3' or total 1"31. At least two possibilites arise: 1) Thyroid hormone and its iodinecontaining metabolites are cleared by the kidney at rates dependent on their concentration in serum, or 2) after TSH there is a relative increase in concentration' in the serum of an iodine-containing compound which is rapidly cleared by the kidney. There are no data available bearing on this matter.
CONCLUSIONS
1. The effect of a single intramuscular injection of thyroid stimulating hormone on the metabolism of a tracer dose of I1'l was studied in three euthyroid, eight hyperthyroid and three acromegalic patients.
2. When administered four to eight days after the tracer of I13i, TSH increased the level of PB1131 and PB1127 in the blood and I131 in the urine.
3. Methods are presented for the estimation of the total amount of thyroid hormone discharged from the thyroid after the injection of TSH and for calculation of the total iodine content of the thyroid.
4. Following a standard dose of TSH, euthyroid patients appeared to secrete more thyroid hormone than did hyperthyroid patients. The maximum effect of TSH appeared in the first 24 hours in' the hyperthyroid patients, and not until 48 hours in euthyroid patients. 5 . Three hyperthyroid patients are presented who demonstrated an unusual method of handling radioiodine. This is characterized by a very rapid turnover rate of iodine by the thyroid with consequent abnormally elevated serum protein-bound radioiodine and urinary radioiodine levels.
